The amino acid sequence of pilin protein from Bacteroides nodosus strain 216 was determined. The protein had a calculated molecular weight of 15962 and contained the same number of amino acid residues (1 5 1) as the pilin from the previously sequenced strain 198. The sequence of the first 44 residues was common to both strains, including the unusual amino-terminal amino acid, N-methylphenylalanine. Of the remaining 107 residues, 37% of them differed between the two strains. Comparison of hydrophilicity profiles constructed from the sequence data indicated that a conserved region around residues 71-72 was probably the site of an antigenic determinant.
M C K E R N A N D O T H E R S
Following each of the above treatments, solutions were lyophilized and redissolved in 100 to 200 p1 0.1 O 0 (viv) trifluoroacetic acid (TFA). Insoluble material was removed by centrifugation and stored at -20 "C for later analysis.
High performance liquid chromatography (HPLC). Soluble peptides from each digest and cleavage were dissolved in 0.1 % (v/v) TFA and loaded onto a Waters pBondapak C,, reverse-phase column, using a Waters HPLC system (Milford, Mass., USA). The elution of bound peptides with acetonitrile was monitored at 214 nm and 280 nm Fractions were dried under vacuum at 50 "C and then redissolved in 100 p150% (v/v) pyridine. Tubes containing IT-labelled peptides were identified by counting radioactivity in 1 pl samples on the channel ol'a Packard Tricarb liquid scintillation spectrometer.
Sequence analysis. Peptides were manually sequenced by a modified Edman procedure (Peterson e f of., 1972) as described before (McKern et al., 1983) , except that the volume of TFA in the cleavage step was reduced to 50 p1 and the thiazolinone was converted to the phenylthiohydantoin (PTH) derivative by heating at 65 "C for 2 min in 50 pl 25% (v/v) TFA.
PTH-amino acid residues were identified by separation on a Zorbax ODS column (Dupont) using a Hewlett Packard 1084A liquid chromatograph.
R E S U L T S
Isolation of peptides Peptides purified by HPLC using a reversed-phase hydrophobic column were generally sufficiently pure to allow direct sequence analysis, except for some that did not bind tlo the column. In order to promote interaction with the column packing material, these peptides were reacted with phenylisothiocyanate and the resultant derivatives were re-chromatographed as before on the reverse-phase column. In this way, the previously nonbinding tri-peptide Lys-SerGln was rendered sufficiently hydrophobic to bind to the column and was thereby separated from other components including free amino acids.
In some separations of peptides on HPLC, adjacent peaks often contained peptides with identical N-terminal sequences. This phenomenon, also observed by others (Vensel et al., 1983) , was presumably due to incomplete enzyme cleavage at some sites in the protein, generating peptides of varying length but with the same N-terminus.
Amino acid sequence of'straih 21 6 p i h Pilin from strain 216 of B. nodosus contained 151 amino acid residues with a calculated molecular weight of 15962 in the unreduced form. The N-terminal residue was identified (by the chromatographic behaviour of its dansyl derivative on polyamide sheet) as the urlcommon amino acid N-methylphenylalanine.
Sequence analysis of the peptides outlined in Fig. 1 was used to determine the unequivocal structure of the protein as follows: the sequence of the insoluble chymotryptic peptide C1 was identical to that of the first 19 residues of strain 198 (McKern et al., 1983) , thus locating it at the amino terminus. Similarly, the exact correspondence of the sequences of peptides C.2 and C3 with residues 20 to 37 of strain 198 positioned these peptides and enabled the sequence of strain 2 16 to be extended to residue 37. Peptide C4 was identified as starting at position 38 of the strain 216 sequence because of the identity of the first seven residues with residues 38-44 of strain 198. The overlap of peptide AMP2 continued the sequence to residue 62, further extensioris to residue 95 being possible because of overlap of the subdigest peptides TH3/A3, C4/T3, TH3/A4 and the peptides AMP3, C5 and SA3. By analogy with the sequence of pilin from strain 198, the peptides SA3/A4, C5/T2 and C6 were positioned at residues 96 to 117. The overlapping peptides AMP4 and SA5 continued the sequence to residue 136. The C-terminal sequence of the molecule was ascertained by alignment of peptides C9 and C10 with the corresponding sequence in strain 198.
Evidence that the final residue in peptide C10 was the C-terminal residue came from the finding that peptides AMP6, SA6 and TH 11 also terminated at this residue, as shown by both amino acid and sequence analysis. These results were confirmed by the finding that, upon digestion of the protein with carboxypeptidase Y, glutamine was the first amino acid released (data not shown). Residues that differ between the two strains are enclosed in boxes. The amino acid analysis of intact SCM-pilin from strain 216 was in agreement with the composition calculated from the sequence data (Table l) , after making allowance for the juxtaposition of several valine and isoleucine residues in the sequence, which can give rise to low yields of these amino acids after acid hydrolysis (Tsugita & Scheffler, 1982) .
The presence of Asn-Gly in the sequence at positions 53-54,95-96 and 128-1 29 made it difficult to sequence past these residues, presumably due to cyclization which occurs under the acidic cleavage conditions during sequencing (Bornstein & Balian, 1977) . However, by shortening the acid cleavage step in peptides containing this bond to approximately 2 min instead of i:he usual 6 min, sufficient sequence data were obtained to enable residues past the Asn-Gly bond to be unequivocally assigned.
Comparison of hydrophilicity profiles (Hopp & Woods, 1981) of pilin from strains 216 and 198 revealed a similarity of patterns (Fig. 2) . Of particular interest was the conservation of the largest peak with its apex at residues 71-72, since the data of Hopp & Woods (1981) suggested that the point of highest local hydrophilicity was associated with an antigenic determinant of the protein. On this basis it is likely that the largely conserved region flanking and including residues 71-72 is both an antigenic site and (as a corollary) a surface-located region of the whole pilus. It is of interest to note that one of the antigenic regions identified in P. aeruginosa PAK pilin spans residues 71-72 in that molecule (Watts et a/., 1983) .
Three regions of the hydrophilicity profile of pilin from strain 216 differed substantially from the equivalent region of pilin from strain 198 (Fig. 2) . These differences (residues 53-58, 85-94 and 132-140) reflected regions of the sequence where there was little identity between the two proteins (Fig. l) , with only two out of six, two out of ten and two out of nine residues, respectively, conserved.
DISCUSSION
The N-terminal44 residues in the pilin from strain 216 of B. nodosus were identical to those from strain 198 ( Fig. 1 ) and this sequence (which was extremely hydrophobic for the first 24 residues) was homologous with the N-terminal sequence of pilin from Pseudomonas aeruginosa (Sastry et al., 1983) , Moraxella nonliquefaciens (Froholm & Sletten, 1977) and Neisseria rneningitidis (Hermodson et al., 1978) . In addition, the N-terminal residue of each of these proteins was the uncommon amino acid N-methylphenylalanine. The conservation of these characteristics between different families of bacteria suggested a special role for the N-terminal region of the subunit pilin protein. This function is likely to be related to the assembly and association of subunits to form the pilus structure, via hydrophobic interactions. Further comparison of the sequence of pilin from strain 216 with strain 198 (Fig. 1) revealed that, in contrast to the absolute identity of the first 44 residues, 37% of the remaining residues differed between the strains [having first made corrections to the published sequence of pilin from strain 198 (McKern et a/., 1983) at residues 73, 95 and 1281. Significant sequence differences were expected, since these strains fell into different serogroups as classified by Claxton et al. (1983) serogroup A for 198 and serogroup E for 216.
It was apparent from the sequence data that there was a deletion of two residues from the sequence of pilin from strain 216 around residue 132 but an addition of two residues at the Cterminus, when compared with the sequence from strain 198. Although it is possible that there is some structural advantage in this conservation between strains of the number of residues per molecule, the fact that pilin from Pseudomonas aeruginosa PAK (Sastry et al., 1983) contains only 144 residues per molecule suggests that 151 residues per pilin chain are not essential to form functional pili of this type.
Absorption with homologous or heterologous pili of ovine antisera to pili of strain 198 or 216 revealed 8-25% cross-reaction between pili from the different strains, as measured by ELISA (D. L. Emery, personal communication). The presence of antigenic specificities unique to each pilus serotype is also inferred from bacterial agglutination tests, where the cross-reactivity is less than 1 % of the homologous reaction.
The present work has enabled the regions of conservztion and variability between the sequence of pilin from two serogroups of B . nodosus to be discerned. It remains to be determined whether the regions of variability between these two sequences accurately reflect the positions of antigenic determinants on the assembled pilus structure. Further sequence studies, however, on strains from the six other known serogroups of B. nodosus may well provide a comprehensive understanding of the regions of these molecules that are antigenically important. 60, 83-84. 266, 491-500.
